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Presenter
Presentation Notes
Hello everyone, I am …… and work as a researcher at …………

Today I will introduce you to a marker-free tracking system developed in our lab.



Overview

o Workspace digitalization

o Tracking technologies  -- focus: cameras

o Comparing tracking systems

o Monitoring workspace components: humans
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Presenter
Presentation Notes
Talking about�-   Workspace digitalization
Quick Overview of tracking technologies
Introduce you to our camera-based tracking system and compare with other systems
Say a few words about its application to human tracking




o Workspace digitalization

o Tracking technologies  -- focus: cameras

o Comparing tracking systems

o Monitoring workspace components: humans
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Presenter
Presentation Notes
Why are we interested in markerless tracking?



Workspace digitalization

What? 
• workspace awareness

• In real-time 
• Human + robots + parts

https://robohub.org

Slide 4 of 22

Presenter
Presentation Notes
Why are we interested in markerless tracking?
humans, robots, equipment, different parts and tools in environment
Beneficial to track components….



Workspace digitalization

What? 
• workspace awareness

• In real-time 
• Human + robots + parts

Why? 
• Security & safety

• Human + robot in same space
• Worker health: postures, collisions

• Productivity & efficiency
• Human-robot collaboration
• Process design and monitoring
• Error/failure detection (e.g. 

assembly) 

© Pilz
Novak et. Al, 2016

Siemens Assemblymag.com
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Presenter
Presentation Notes
Why do we need to track components?
Safety: robots and humans sharing workspace
Worker health
Assembly/process monitoring
Failure detection



o Workspace digitalization

o Tracking technologies  -- focus: cameras

o Comparing tracking systems

o Monitoring workspace components: humans
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Presenter
Presentation Notes
How can we track?



Tracking technologies
Existing technology

Active marker Passive marker Marker-less Other

Optical CMM (Nikon K-
CMM)

Camera based (Vicon)
Laser tracker

Camera based
Pattern projection (Ensenso, 
Kinect, David scanner)

Safety dedicated 
(Pilz SafetyEye)

Fast, good accuracy, 
robust
Expensive, markers + wire

Fast, good accuracy, robust
Expensive, needs markers

No markers, universal
Slower (data+), resolution

Fast, proven
Dedicated role 

Faro
Vicon

Nikon

Ensensno

PilzCognex

Camera: Good for digitalization
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Presenter
Presentation Notes
Different technologies:
Active marker…..
Passive marker: still need to label. Imagine tracking a hammer…
Dedicated systems: specific
Markerless: camera based seems good: no markers but more processing.



Tracking technologies: camera-based
Proposed approach

Use cameras
- Decent speed
- Large volume
- Extendable 
- Generic
- AI needed
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Presenter
Presentation Notes
Our attempt for marker-less tracking:
- 5x5m volume with cameras around



Tracking technologies: camera-based
Proposed architecture

Distributed Camera Computers Central HubCameras
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Presenter
Presentation Notes
How does this work:
Cameras with associated edge processing
Central reconstruction and evaluation



o Workspace digitalization

o Tracking technologies  -- focus: cameras

o Comparing tracking systems

o Monitoring workspace components: humans
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Presenter
Presentation Notes
How does this system perform compared to existing commertial solutions?



Camera system benchmark
How to compare systems?

- Similar arrangement
- Common artefact

camera

Optirack

Vicon

KCmm

for KC
m

m

for Optitrack and 
Vicon

fo
r C

am
er

a
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Presenter
Presentation Notes
What are we comparing?
Camera system 
Nikon KCMM  --- active marker
Vicon    --- passive marker
Optitrack  --- passive marker

2 key components necessary for a fair comparison:
Similar arrangement
Common artefact for ALL systems………




Camera system benchmark
- Direct comparison throughout cell: pose measurements

Vicon; 
Camera; 
Optitrack; 
KCmm
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Presenter
Presentation Notes
Artefact measured in different locations
Results well overlapping




Camera system benchmark
- Direct comparison throughout cell: pose measurements

Vicon-
-Camera; 
-Optitrack; 
-KCMM

- within 30mm and 5deg … not absolute truth
- Camera and KCMM match better
- good enough for monitoring/tracking
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Presenter
Presentation Notes
…. Put some numbers on this. …
Difference of Eucl. Distances from center to all locations
 Higher deviation of Camera around the edge
Camera agrees well with KCMM
ALL within 30mm and 5 deg :  good for tracking task!



Camera system benchmark
- Direct comparison throughout cell: jitter

Vicon
Camera; 
Optitrack; 
KCMM

- Mostly low jitter, except: 
- Low coverage edge
- Moved KCMM
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Presenter
Presentation Notes
Repeated measurements several times. 
Good (~20um) repeatavility for ALL, except for few locations: camera coverage --- moved / rough KCMM handling 



Camera system benchmark

- Speed

- Vicon:        2kHz (interp.) 

- KCMM:      1kHz

- Optitrack:  240Hz

- Camera:    40Hz

- hardware / detection limited

- can be enhanced (cam+ or GPU+)
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Presenter
Presentation Notes
How fast are these systems? 
KCMM and Vicon fast but expensive
Camera slowest, but has lots of potential:
Hardware keeps improving
Generic nature



o Workspace digitalization

o Tracking technologies  -- focus: cameras

o Comparing tracking systems

o Monitoring workspace components: humans
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Presenter
Presentation Notes
One of the most common elements in a workspace: HUMAN




Workspace digitalization: cameras

- Object identification 
and tracking

 Humans

 Other: AI training
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Presenter
Presentation Notes
Existing Machine learning for identification on 2D images
- Let us track humans in 3D

Other object existing or to-be developed Machine learning algorithms



Human tracking
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How fast?
- Camera limit (40Hz)
- Processing (variable, 50Hz+)

1.5Hz

15Hz
25Hz 50Hz

Speed

D
et

ec
tio

n 
Ac

cu
ra

cy

Presenter
Presentation Notes
How fast can we track humans? 
2 limiting factors: camera and processing
Can do 40-50Hz – to be improved



Human tracking
How well?

- System inaccuracy (object)

- Detection jitter
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Presenter
Presentation Notes
How well can we track humans?

Human test subject on chair at different locations

Jitter over repeated measurements 
Depends on LOCATION
BODY PART



Human tracking
How well?

- Detection jitter
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Neck
LWrist; 
LKnee; 
Average of all 
body-parts

- Higher then system inaccuracy
- Body-part specific
- Pose / Visibility specific 

Presenter
Presentation Notes
Looking at the numbers:
Different bodyparts jitter by different amounts
Knee, Wrist: bad
Neck, Avg Body: good

Coverage is important 
- The more cameras, the better
- 5+ cameras resulting in low jitter



Conclusions

- Marker-less tracking applicability proven

- Comparable spatial accuracy with commercial systems, slower

- Human tracking trials promising

- Need AI for more industrial objects 
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Presenter
Presentation Notes
We could set up and prove the FEASIBILITY of markerless tracking system
This system had comparable performance with industrial solutions (but a bit slower)
We could reliably track humans
Future: include industrially relevant objects: AI training needed. 



Thank you!

- questions? 

- posters

- demo 
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Presenter
Presentation Notes
Thank you!

2 related posters
Human tracking Demo – welcome to visit
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